Solitary fibrous tumor (SFT) is a rare spindle-cell neoplasm originating from mesenchymal fibroblast-like cells. The purpose of this study was to describe the CT and MR imaging features of SFTs in the orbit.
S
ince the first report by Klemperer and Rabin 1 in 1931 as a primary spindle-cell tumor of the pleura, solitary fibrous tumor (SFT) has been recognized as a distinctive, though rare, pathologic entity that most commonly arises from the pleura and peritoneum. Although once thought to be mesothelial in origin, SFT is now considered a tumor of mesenchymal fibroblast-like cell origin, and there has been an increasing incidence of the tumor to be found in the extrapleural, extraserosal sites such as the lung, liver, breast, and meninges. It can also arise in the extracranial head and neck region such as the orbit, sinonasal cavity, salivary gland, thyroid gland, upper respiratory tract, and deep cervical spaces. [2] [3] [4] [5] [6] [7] Since the first report of 2 cases of orbital SFT in 1994, 8 the orbit has become one of the common sites of the head and neck involved by the tumor, and more than 50 cases of orbital SFT have been reported mostly in the ophthalmologic and pathologic literature. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] To our knowledge, however, systematic analysis of the imaging features of orbital SFT has seldom been reported in the radiologic literature. The purpose of this study was to describe the characteristic CT and MR imaging findings of 6 cases of patients with SFT of the orbit proved on pathologic examination.
Materials and Methods
Between 1996 and 2006, review of medical records based on the electronic data base of our institution, approved by our institutional review board, revealed 6 patients with SFT proved on pathologic examination arising in the orbital and periorbital region. During the same period, we also found 6 cases of patients of intracranial SFT. However, no case of SFT could be found in the extracranial head and neck other than in the orbital region. We retrospectively reviewed CT (n ϭ 6) and MR (n ϭ 3) images obtained in these 6 patients, 2 of whom were previously reported in the literature. 10 There were 2 men and 4
women, ranging in age from 18 to 51 years, with a mean age of 35 years. The patients presented with slowly progressive, painless proptosis (n ϭ 3) or palpable mass in the periocular area (n ϭ 3), which had first been noticed 6 to 14 months earlier, with an average duration of 11 months. Two patients had a history of partial excision of the mass, after which the tumors recurred at 1 month and 6 years, respectively. All patients underwent complete excision of the tumor, and the diagnosis was confirmed by the characteristic histopathologic features and immunohistochemical studies showing a strong positive reaction for CD34. After the operation, all patients were in good health with no evidence of recurrent tumor during follow-up of 24 to 115 months (mean, 82 months).
All CT scans (6 patients) were obtained with a HiSpeed Advantage (GE Healthcare, Milwaukee, Wis) or Somatom Plus 4 (Siemens Medical Systems, Erlangen, Germany) to produce postcontrast axial and coronal images with 3-mm collimation. A total of 90 mL of iopamidol (Iopamiro 300; Bracco, Milan, Italy) or iopromide (Ultravist 300; Schering, Seoul, Korea) was administered into an antecubital vein at a rate of 3 mL/s with a power injector. In the first 3 patients, postcontrast axial images were obtained at single phase with a scanning delay of 30 to 45 seconds. In the remaining 3 patients, postcontrast axial images were obtained at dual phases with scanning delays of 30 and 90 seconds, respectively. In all patients, delayed coronal scans were also obtained 4 to 6 minutes after the initiation of contrast material injection. In 5 patients, precontrast axial images were also obtained.
All MR examinations (3 patients) were performed on a 1.5T Signa
Advantage Horizon (GE Healthcare) or Magnetom Vision (Siemens) scanner to produce precontrast and postcontrast T1-weighted spinecho images and T2-weighted fast spin-echo images with or without fat saturation. Images were obtained in at least 2 planes with 3 to 4-mm section thickness and 0 to 0.4-mm intersection gap. The CT and MR images were reviewed by a dedicated head and neck neuroradiologist and a general neuroradiologist in conference, both of whom have been practicing for more than 10 years. We evaluated the imaging findings with emphasis on the location, size, margin, internal architecture, and pattern and degree of enhancement of the lesion. The size of the lesion was measured at the greatest diameter of the lesion. The margin of the lesion was classified as well-defined and ill-defined. As for internal architecture, we compared the attenuation of the lesion on precontrast CT scans and the signal intensity of the lesion on T1-and T2-weighted MR images with those of the cerebral cortex. We also recorded the presence of if any calcifications within the lesion based on precontrast CT scans.
On postcontrast CT and MR images, the pattern of enhancement of the lesion was categorized as homogeneous or heterogeneous. The degree of enhancement of the lesion was subjectively assessed as being mild, moderate, and marked. As for the enhancement degree on CT scans, we relied on early-phase postcontrast axial images, viewed with the same window width (300 HU) and level (30 HU) in all patients. In 3 patients examined with dual-phase CT, we also measured the attenuation values on axial precontrast, early-phase, and late-phase CT scans as well as delayed coronal CT scans by placing the largest possible circular region of interest within the lesion. These values were plotted on the time-attenuation graph and compared with those of internal carotid artery, internal jugular vein, and medial rectus muscle.
Results
The CT and MR imaging features of 6 patients with orbital SFT are summarized in the Table. All lesions were found as a solitary, well-defined, ovoid mass, ranging in size from 18 to 30 mm (mean, 24 mm). Three lesions were located in the postseptal orbit (Figs 1, 2) , 2 in the lacrimal sac, and 1 on the lower eyelid (Fig 3) . Although 2 of the 3 postseptal orbital lesions were found in the extraconal space at the superolateral (Fig 1) and superomedial aspect of the orbit, respectively, the remaining lesion was located in the intraconal space at the inferomedial aspect of the orbit (Fig 2) . Although the eyeball was displaced by the lesion in all 3 cases, true indentation of the eyeball by the lesion was demonstrated in only 1 case. In no case was there a significant change of the bony orbit. In both lesions of the lacrimal sac, CT also showed smooth expansion of the proximal nasolacrimal duct by the inferior growth of the tumor. Compared with the cerebral cortex, the attenuation of the lesion seen on precontrast CT scans obtained in 5 patients was isoattenuated in 3 and slightly hyperattenuated in 2 ( Fig  1A) . There was no evidence of intralesional calcification demonstrated on precontrast CT scans. Compared with the cerebral cortex, all 3 lesions examined by MR imaging showed homogeneous isointense signal intensity on T1-weighted images (Figs 1F, 2B) and heterogeneous mixed isointense and hyperintense signal intensity on T2-weighted images (Figs 1G, 2C). In 1 of 3 lesions, signal-intensity void, tubular structures representing fast-flow vessels were found on T2-weighted and postcontrast T1-weighted MR images (Fig 2C-D) .
On visual inspection, all 6 lesions showed marked homogeneous (n ϭ 4) or heterogeneous (n ϭ 2) enhancement on postcontrast CT and MR images (Figs 1B-H, 2A-D, 3A). In 3 patients examined with dual-phase CT, all lesions demonstrated rapid enhancement and early washout of contrast material (Figs 1, 3) , and their time-attenuation curves revealed the very similar enhancing characteristics to those of the internal carotid artery ( Fig 1E) .
Discussion
Solitary fibrous tumor is a rare spindle-cell neoplasm that originates from mesenchymal fibroblast-like cells. Although most occur in the parietal or visceral pleura or peritoneum, they can arise from other extrapleural sites, including the mediastinum; lung; liver; breast; retroperitoneum; spine; meninges; and extracranial head and neck region such as the orbit, sinonasal cavity, salivary gland, thyroid gland, upper aerodigestive tract, infratemporal fossa, buccal space, and parapharyngeal space. [2] [3] [4] [5] [6] [7] On microscopic examination, SFT is a well-circumscribed, nonencapsulated tumor that shows a patternless arrangement of alternating hypercellular and hypocellular regions of spindle cells against a collagenous background of variable vascu- larity. In some cases, a focal hemangiopericytoma-like pattern of irregular branching vessels, fibrous histiocytoma-like storiform pattern, and synovial sarcomatous and neural-like pattern of palisading regional architecture are seen. 4, 16, 22 This variability on histologic examination often can lead to a mistaken diagnosis if limited tissue allows a single morphology to dominate the pathologic specimen.
The diagnosis of SFT can be solidified by the use of immunohistochemical analysis. 3, 15, 16 CD34, the hematopoietic progenitor cell antigen, is now believed to be the most important marker to diagnose SFT, and its diffuse and strong immunoreactivity has been demonstrated in 79% to 100% of cases. 16 However, varying degrees of CD34 reactivity can also be present in other orbital tumors, such as hemangiopericytoma, fibrous histiocytoma, schwannoma, neurofibroma, fibrosarcoma, giant cell angiofibroma, and giant cell fibroblas- Compared with the cerebral gray matter, the mass is slightly hyperattenuated on precontrast CT scan (A). Marked homogeneous enhancement is seen on early-phase CT scan (B), and there is rapid washout of contrast material on late-phase (C) and delayed coronal (D) CT scans. The mass abuts and conforms to the posterior wall of the eyeball without causing significant indentation. E, Time-attenuation curve also reveals rapid enhancement and early washout of contrast material within the tumor (•), which is very similar to those of the internal carotid artery (؋). OE ϭ internal jugular vein. ■ ϭ medial rectus muscle. F-H, Compared with the cerebral gray matter, the mass is isointense and mixed isointense and hyperintense on axial T1-(F) and T2-weighted (G) MR images, respectively. Marked homogeneous enhancement is seen on coronal postcontrast T1-weighted MR image (H). Note the small areas of bright signal intensity within the tumor on T2-weighted image (G). I, Photomicrograph shows that the tumor has a patternless histologic architecture with hyalinized collagen bundles and multiple dilated vessels (hematoxylin-eosin, original magnification ϫ40). toma. 5, 15, 16 In addition to CD34, SFT is also immunoreactive for vimentin and B-cell lymphoma 2 (bcl-2) but negative for keratin, cytokeratin, epithelial membrane antigen, S-100 protein, smooth muscle actin, factor VIII-related antigen, and desmin. 15, 16 The review of the literature reveals a recent trend of rather rapid accumulation of the number of orbital SFTs, and so far more than 50 cases of orbital SFT have been reported in the English-language literature. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] Bernardini et al 15 questioned the rarity of orbital SFT. According to these authors, thanks to the widespread use of immunohistochemical studies, the number of orbital SFTs has rapidly been increasing after 1994 when the first orbital SFT was reported. Before that time, the diagnosis of orbital SFT based solely on the histopathologic findings was confused with other benign orbital tumors, such as fibrous histiocytoma and hemangiopericytoma. The authors suggested that SFT be considered relatively common and should be included in the differential diagnosis of orbital tumors in any age group. 15 From a clinical standpoint, patients with orbital SFT usually present with slowly progressive unilateral exophthalmos or swelling or palpable mass of the eyelid or orbit, as shown in our series. A wide age range has been reported from 9 to 76 years without predilection to sex. 14, 16 In our study, patients' age ranged from 18 to 51 years (mean, 35 years), and there was predilection for women with the male-to-female ratio of 1:2. This demographic discrepancy between the studies seemed to be probably caused by a selection bias because of the limited number of cases. Although local excision is usually curative, orbital SFT has been reported to recur and may rarely metastasize. 13 Although extremely rare, malignant orbital SFT has also been reported. 14, 16 Local recurrences are usually related to incomplete excision of the tumor and show the tendency to spread into the surrounding tissues and orbital bone, rendering complete secondary excision more difficult. 10, 15 There were 2 of 6 masses in this study that also recurred at 1 month and 6 years after partial excision of the mass, respectively. For- tunately, until now there is no evidence of recurrent disease after the second operation in both of the cases.
Various locations have been reported as the sites of orbital SFT and include the intraconal and extraconal spaces of the orbit, lacrimal gland, lacrimal sac, and eyelid. 16, 19 In our 6 cases of orbital SFT, 3 lesions were found in the various locations of the intraconal or extraconal space of the orbit, 2 in the lacrimal sac, and 1 on the lower eyelid. In both of the 2 lacrimal sac lesions that had previously been reported, 10 the proximal nasolacrimal duct was also involved by the inferior growth of the tumor.
The reported radiologic appearances of head and neck SFT are rather nonspecific. 5, 7, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] Usually, the tumor is seen as a well-defined soft tissue mass with heterogeneously or homogeneously strong enhancement on CT and MR images. Occasional internal calcifications and necrosis have also been reported. 23 Although remodeling of the adjacent bones may be seen in large, long-standing lesions, frank bone destruction is an exceptional finding that should prompt suspicion for a malignant tumor. 5 Compared with the cerebral cortex or muscle, the signal intensity of SFT seen on MR images, in general, has been reported to be isointense on T1-weighted images and isointense to hypointense on T2-weighted images, reflecting fibrous tissue with high collagen content. 5, 12, 13, 16, 17, 19, 23, 26 Sometimes, areas of hyperintense signal intensity are seen within the lesion on T2-weighted images, causing signal intensity heterogeneity on T2-weighted images. These areas of T2 hyperintensity are related to internal hemorrhage, cystic degeneration, or relatively fresh fibrosis. 5, 22, 26 According to Kim et al, 22 the signal intensity of SFT on T2-weighted MR images decreased as collagen content increased on microscopic examination. In this study, all 3 lesions examined by MR imaging showed isointense signal intensity to the cerebral cortex on T1-weighted images and mixed isointense and hyperintense signal intensity on T2-weighted images. We also believe that variations of the signal intensity on T2-weighted MR images would reflect the differences in the amount of cellular components, collagen, and fibroblasts as well as in the extent of degenerative change contained in the individual tumors.
Although not pathognomonic, homogeneous or heterogeneous-attenuated enhancement is reported to be the most prominent feature of SFT revealed with CT and MR imaging, which is attributed to high vascularity because of the prominent vascular channels within the tumor. 5, 16, 21, [23] [24] [25] 27 In a likewise fashion, all 6 lesions in this study showed marked enhancement on postcontrast CT and MR images either homogeneously or heterogeneously. It is interesting to note that 1 of 3 lesions showed signal intensity-void, tubular structures on MR images (Fig 2B-D) , which had not been reported by other investigators before. We believe that those structures represent fast-flow vessels within the tumor.
Enhancement of a certain tumor depends on various factors, including vascularity, capillary permeability, renal clearance, and composition of extracellular fluid. It can best be assessed radiologically by dynamic CT or MR imaging by evaluation of the chronologic changes of attenuation or signal intensity in the microcirculation of the tumor after injection of contrast material. Dual-phase helical CT can also be an alternative technique to dynamic CT for this purpose. 28, 29 With the addition of delayed coronal scans, it can demonstrate a rough approximation of enhancing characteristics of the tumor. In this study, all 3 lesions examined with dual-phase CT demonstrated rapid, intense enhancement at early-phase axial scanning, followed by significant progressive washout of contrast material at late-phase axial and delayed-phase coronal scanning. Furthermore, the time-attenuation curves of orbital SFT in our series were very similar to those of the internal carotid artery in both enhancement degree and shape of the curve (Fig  1E) , which may be an additional clue to make the correct diagnosis.
On the basis of the aforementioned imaging characteristics of orbital SFT seen on CT and MR images, differential diagnosis for a highly vascular orbital lesion includes capillary hemangioma, cavernous hemangioma (venous malformation), varix, hemangiopericytoma, and giant cell angiofibroma. 30, 31 Unlike orbital SFTs, which predominantly affect adults, capillary hemangiomas are the most common orbital vascular tumors in infants. They typically go through a growth spurt during the first 6 months of life and then begin to involute. 30 Although the enhancing characteristics on CT and MR images may be similar, orbital capillary hemangiomas can be differentiated from SFTs by the infiltrative nature with a nodular, irregular margin and hyperintensity containing fibrous septa and signal-intensity void vessels on T2-weighted MR images. Cavernous hemangiomas are the most common vascular lesions of the orbit in adults. Although controversy may still exist, they are believed not to be true vascular neoplasms but just hemodynamically isolated encapsulated venous malformations. 30 On CT and MR images, cavernous hemangiomas are seen as a well-defined ovoid mass usually located at the intraconal space of the orbit. They can be differentiated from SFTs by hyperintensity containing fibrous septa on T2-weighted MR images and the different enhancing characteristics showing delayed pooling of contrast material on dynamic studies. Although there have been different opinions about the pathogenesis, primary orbital varix is classically defined as a venous malformation in which there is abnormal dilation of 1 or more of the orbital veins, and the symptoms are related intimately to increased systemic venous pressure. Distended orbital varices frequently manifest as a well-defined elongated mass on CT and MR images. If there is no associated thrombosis or hemorrhage, they appear as a slightly hyperattenuated mass on CT and a hypointense mass on T1-and T2-weighted MR images. 30 Contrast enhancement is variable and may be absent and is better seen on delayed postcontrast images. In cases of patients with associated thrombosis or hemorrhage, the attenuation and signal intensity can vary depending on the age of the clot. The most important imaging finding of orbital varices is demonstration of increase in size with increase in venous pressure with a Valsalva maneuver or on coronal scans with the neck extended. 30 Hemangiopericytomas are highly vascular neoplasms of the somatic soft tissues. When they occur in the orbit, they tend to be more encapsulated than tumors elsewhere in the body. Orbital hemangiopericytomas may be the most difficult tumors to differentiate from orbital SFTs on imaging studies. On CT and MR images, they appear as a well-defined, markedly enhancing soft tissue mass that may be associated with bony erosion or infiltration into the adjacent structures. The signal intensity of hemangiopericyto-mas is isointense to gray matter on both T1-and T2-weighted MR images. 30 Giant cell angiofibromas are rare benign spindle-cell neoplasms that show a predilection for the orbit and soft tissues of the head and neck. 31 On CT and MR images, they can display the enhancing characteristics and signal intensity similar to those of orbital SFTs. Other orbital masses with less conspicuous contrast enhancement include schwannoma, neurofibroma, fibrous histiocytoma, lymphoma, pseudotumor, and metastasis. 32 
Conclusion
Although SFT is known as a relatively rare soft tissue tumor arising in the orbit, by virtue of the widespread use of immunohistochemical staining, its incidence is now steadily increasing. Although the distinction from hemangiopericytoma and giant cell angiofibroma would still be difficult, we believe that SFT might be put in the first lines of a differential list of the orbital mass, if one sees a markedly enhancing mass showing the similar characteristics of the internal carotid artery on postcontrast CT or MR images.
